• Older living kidney donors remain controversial because of their physiological decline in glomerular filtration rate and their increased susceptibility of surgical complications. Little is known about the quality of life (QOL) of this elderly group. The purpose of this study is to examine surgical outcome and the QOL in older living donors. All 105 consecutive living donors who underwent a laparoscopic donor nephrectomy between June 2002 and February 2006 were prospectively included in the study. Intra-and postoperative complications were measured. Quality of life was recorded preoperatively and at several endpoints postoperatively. Older donors were defined as 55 years and older. There were no significant differences in intra-and postoperative complication rates and 1-year graft survival rate between both groups. Elderly donors (n=34) had both a significant lower postoperative pain at rest at day 1 compared with the younger group (P=0.019) and a lower total pain score in the analysis for the whole follow-up period (P=0.002). Although small solitary significant differences exist with respect to pain, social functioning and mental health older donors, in general, have similar surgical outcome and quality of life when compared with younger donors. There is no need to exclude older donors in screening programs for transplantation.
• IntRoduCtIon
Because of the increasing organ shortage, most transplant centers are forced to explore alternative organ resources. Living donor transplantation, transplant kidneys from marginal donors such as non-heart beating, diabetic, and older donors are increasingly pursued. Transplantation of kidneys from older donors has been associated with early hyperfiltration renal injury and shortened graft survival 1, 2 . However, other studies have demonstrated similar graft survival rates of older and younger kidney donors [3] [4] [5] .
The use of older living donors remains controversial because of the physiological decline in glomerular filtration rate beginning in the third decade of life 6 and an increased risk of surgical complications for the older kidney donor.
The benefits of living kidney transplantations are well documented and a recently published systematic review revealed that most donors have a quality of life (QOL) that is similar or even better when compared with the general population 7 . Data regarding QOL of older living donors is lacking. The purpose of our study is to examine the surgical outcome and QOL in older living kidney donors when compared with younger living kidney donors.
PAtIents And metHods
All 105 consecutive donors, who underwent a donor nephrectomy between June 2002 and February 2006 in the Academic Medical Center, Amsterdam, were prospectively included in the study. All donors were preoperatively screened by a nephrologist, a nurse practitioner and a social worker. Specific preoperative donor evaluation included blood and urine examination, angiography, pyelography, and renal scintigraphy. Donor assessment and selection were based on the UK guidelines for living donor kidney transplantation 8 . During the donor assessment, the patients were informed about the study and the informed consent was gained. The study was approved by the Medical Ethical Committee of the Academic Medical Center Amsterdam. All donor nephrectomies were performed by two surgeons (W.A.B and M.M.I). Both surgeons had performed at least 40 hand-assisted donor nephrectomies (20 left and 20 right kidney donor nephrectomies). Older donors were defined as 55 years or older. All donor nephrectomies were performed transperitoneal using the hand-assisted laparoscopic donor nephrectomy technique, which was previously described by our group 9 .
All donors received the same pain protocol consisting of a patient controlled analgesia with 1 mg bolus morphine (5 min lockout, 10 mg/hr maximum) for the first 2 days. Additionally, 4×1g paracetamol per day was given for basic analgesia for 3 to 5 days.
surgical outcome and Qol
Living related was defined as having a human leukocyte antigen relationship with the recipient (e.g., parent, child, and sibling). Urinary tract infections, wound infections, lymphoceles, and pulmonary infections were considered minor complications. Bleeding with transfusion of packed red blood cells and reoperation were considered as major complications. Hospital stay was counted in days from the operating day to the day of discharge. Delayed graft function was defined as the need for dialysis within the first postoperative week.
Global QOL was measured using the Short Form-36 Health Survey (SF-36) which has proven to be an adequate instrument for evaluating QOL in kidney donors 10, 11 . The SF-36 comprises 36 items, which constitute eight dimension scores. The dimension scores comprise physical function, role limitations because of physical health problems (role physical), bodily pain, general health perceptions, vitality, social functioning, role limitations because of emotional problems (role emotional), and mental health. These eight scores range from 0 to 100, with a higher score indicating better health. A difference of five-points in a particular dimension is considered a minimal clinically and socially relevant change, whereas a 10-point difference is considered moderate clinically and socially relevant 12 . Short Form-36 was administered preoperatively, and at 1, 2, 4 weeks, 3 months, 6 months, and 1 year after surgery.
To evaluate fatigue, the Multidimensional Fatigue Inventory-20 (MFI-20) was used. The MFI-20 is a 20-item scale which measures fatigue in five dimensions and was validated in healthy subjects in the Dutch population 13 . These dimensions contained general fatigue, physical fatigue, reduced activity, reduced motivation, and mental fatigue. Each dimension is represented by four statements. Scores per statement range from one to five and the total score per scale ranged from four (no fatigue) to 20 (exhausted). Donors filled out these forms preoperatively and at 1, 3, 6, and 12 months.
Furthermore, a 0 to 10 visual analogue scale (VAS) measuring pain was applied. Pain was measured preoperatively, and at day 1, 2, 3, 7, 14, and 28 postoperatively.
None of the patients chose not to participate in the study. All patients filled out the QOL forms. Only two patients refused at 1 month further participation to the questionnaires.
statistical analysis
Both groups were compared using chi-square test (categorical data) or Mann-Whitney U test (continuous data) as indicated. The differences between the two groups on the dimensions of the SF-36, MFI-20, and VAS scores were studied by three different methods. The first method was an analysis per point, in which the analysis was carried out to detect differences between the two groups for each specific point in time. In the second method, differences were analyzed between the groups and the whole follow-up period was included in the analysis. In the third method, a within group analysis was performed, which compared each postoperative time point with the baseline preoperative situation. Between group analysis per point and within group analysis, comparing each postoperative endpoint with baseline, were calculated with independent sample t test. Differences in time were compared by repeated measurement analysis of variance. No mathematical pattern was imposed on the covariance structure (unstructured variance-covariance matrix). The mixed model contained group (older vs. younger), time (categorical with 5 or 7 levels), and the interaction between group and time. Internal consistency of both questionnaires was measured by Chronbach's alpha. In the literature, both questionnaires had surpassed the 0.70 criterion, which signified good internal consistency, for group comparisons with a mean alpha of 0.84 in both SF-36 and in MFI-20 14, 15 . Our Chronbach's alpha for the total score amounted to 0.86 for SF-36 and 0.87 for MFI-20. The graft survival was calculated with the Kaplan-Meier life-table analysis and the log-rank test was used. A P-value of less than 0.05 for a test was considered statistically significant. For statistical analyses, the SPSS software package (SPSS version 14.0.2, Chicago, IL) was used. 
Results surgical outcome
Donor characteristics are presented in Table 1 , showing no significant difference between the two groups. Surgical and postoperative outcome of donors and recipients are shown in Table 2 . Forty-two percent of the elderly recipient received an older kidney, whereas 25% of the younger recipients received an older kidney. There were no conversions in both groups. There was no sig nificant difference between both groups in surgical complications. The two patients with a serosal laceration of the colon needed a single serosal bowel suture. An accidentally cut of the polar artery lesion was repaired successfully before implantation. The other intraoperative complication was a splenic capsule laceration because of traction and was treated successfully by application of a topical hemostatic agent (Floseal, Baxter International, Deerfield, IL). The 1-year graft survival rate was 97% in the older group versus 94% in the younger group (P=0.560, log rank).
Quality of life

SF-36
Between groups analysis at different time points of the SF-36 QOL survey are given in Figure  1 including mean dimension score in an age-matched healthy Dutch population. Quality of life was significantly decreased in the younger kidney donors in the dimension score mental health at week 1 (P=0.003) and in social functioning at 2 weeks (P=0.04), whereas they scored significantly higher in the dimension score of physical functioning preoperatively (P=0.002) at 12 weeks (P=0.045). Both groups did not differ in the other dimension scores (role emotional, role physical, bodily pain, general health perceptions, and vitality) at any moment in time.
Within groups analysis comparing each postoperative endpoint with baseline showed that older and younger kidney donors scored significantly lower at 1 week when compared with baseline at all dimensions scores (P values ranged from <0.001 to 0.01) except for the dimension score mental health in older donors (P=0.285). At 2 weeks, physical functioning, role physical, bodily pain, vitality, social functioning, and role emotional (P values ranged from <0.001 to 0.01) were significantly lower than baseline values. At 1 month, physical functioning, role physical, bodily pain, vitality, social functioning, and role emotional (P values ranged from <0.001 to 0.01) were significantly lower than baseline values. At 3 months, only role physical (P=0.008) and physical functioning and bodily pain in older donors (P values ranged from 0.002 to 0.01) were still significantly lower than baseline values. At 6 and 12 months, all dimensions had returned to preoperative values. Between groups analysis comparing the SF-36 dimensions for the whole follow-up duration in total score showed differences in time in social functioning (P=0.047), and mental health (P=0.021).
MFI-20
Between groups analysis at different time points of the older and younger donor group could not detect any significant difference in MFI-20 score (Figure 2) .
Within groups analysis comparing each postoperative endpoint with baseline showed that older kidney donors scored significantly lower at 1 month all dimensions (P values ranged from <0.001 to 0.21) except for the dimension score mental fatigue (P=0.49). At 3, 6, and 12 months, all dimensions had returned to preoperative values. 
Months
General fatigue
Younger donors scored significantly lower at 1 month all dimensions (P values ranged from <0.001 to 0.29). At 3, 6, and 12 months, all dimensions had returned to preoperative values. Between groups analysis comparing the MFI-20 dimensions for the whole follow-up duration in total did not show any differences.
Pain VAS scores
The between groups analysis at different time points of perioperative pain scoring are shown in Figure 3 . On day 1, older donors had a significant lower postoperative pain score when at rest compared with the younger group (P=0.019). After day 1, there were no significant differences found between the younger and the older donor groups in pain VAS scores.
Within groups analysis comparing each postoperative endpoint with baseline for pain scores at rest and while moving showed that older kidney donors during the first 2 weeks scored significantly lower compared with baseline (P values ranged from <0.001 to 0.01). At 1 month, pain scores had returned to preoperative values.
However, within groups analysis showed that younger donors still differed at 1 month postoperatively compared with baseline (P=0.001). Between groups analysis for the whole follow-up duration in total score showed differences in time in pain VAS score at rest (P=0.002) in favor of the older donors.
dIsCussIon
We demonstrated no difference in donor and recipient surgical outcome in living kidney transplantation between old and young kidney donors. Although concern has been raised about the safety of donors 16, 17 , our data show that the hand-assisted laparoscopic donor nephrectomy is a safe procedure for older donors. Surgical complication rates did not differ and no differences in the recipient's 1-month posttransplantation serum creatinine, delayed graft function and 1-year graft survival between both groups were found. To study QOL we chose the validated Dutch translation of the SF-36 questionnaire of which information of age-controls of the Dutch population are available. Apart from small differences between the two groups, in general the QOL after operation in older donors at several time points is comparable with that in younger donors. The major decline in QOL in most dimensions occurred within the first month, with a gradual improvement thereafter. After 6 months, all items in different dimensions were at the preoperative level. As most of the initial differences were solitary findings in different nonrelated dimensions we interpret these differences as coincidental findings.
Most studies in which the donor's QOL is evaluated report equivalent or better results if compared with healthy controls 10, [18] [19] [20] . These results are in line with our findings and are 
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Postoperative pain in moving linked to the intense medical evaluation of potential living kidney donors, resulting in the selection of only healthy and motivated individuals 21 .
Kidney donors frequently report postoperative fatigue. Therefore we included the MFI-20 questionnaire in our analysis, as it is specifically developed to analyze fatigue. We could not detect any significant difference between older and younger donors. All our donors returned to baseline at 3 months. Other studies using the full laparoscopic technique reported recovery times of 12 months. Further studies are necessary to investigate whether the difference in surgical technique and subsequent operation time can cause this disparity 22 .
In our series, older donors had lower pain scores at rest as well in the between groups analysis and the whole follow-up duration in total score. An explanation for this might be that the elderly patient experiences pain as a normal part of aging which is supported by several other studies 23, 24 .
There is a relationship between the information the patient receives from the clinician and the experienced QoL 25, 26 . Holzner et al. showed that 38% of the liver transplant patients felt that they had not been adequately or moderately been informed about the consequences of liver transplantation. These patients showed lower postoperative quality-of-life scores than patients with adequate information 27 . This illustrates the importance of investigating the agreement between the perceptions of health professionals and renal transplant candidates on QOL after renal transplantation. Therefore clinicians' opinion on recovery may affect the QOL questionnaires of patients. Also patients own expectations of recovery time could have had an impact on their convalescence and QOL. Our method of informing kidney donors is standardized in our kidney donor protocol and is not adjusted for donor age. Therefore, we can exclude this potential bias in our results.
Although small solitary significant differences exist with respect to pain, social functioning, and mental health, older donors have in general similar surgical outcome and QOL when compared with younger donors. There is no need to exclude older donors in screening programs for transplantation.
